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Cardiac Arrest at Children’s Hospital 
(1951-1958) 


With Some Pointers on Resuscitation 


JosepH W. Prasopy, Jr., M.D.* 


A careful review of the records for the past eight years at Children’s 
Hospital discloses 26 well documented instances of cardiac arrest. Ten of 
these cases (over one third of the total) occurred during 1958 alone. Ob- 
viously then, this is a problem of considerable importance with recent 
developments suggesting that it may become even more so. Furthermore, 
although the over-all salvage rate in this series of cases was a very respect- 
able 50 per cent, there is every indication that with a better knowledge of 
what to do and a greater willingness promptly and unhesitatingly to do it, 
the recovery rate might easily approach 100 per cent. It is hoped that a 
review of past experience at this hospital will help to bring us closer to 
that goal. 

A tabulation of the 26 cases according to year, type of case and outcome 
is shown in figure 1. As far as it is possible to determine, the first successful 
cardiac resuscitation at this hospital took place in 1952. The baby, an 
11 month old boy, recovered from the arrest but succumbed two and one- 
half months later to an inoperable Wilms’ tumor. The first salvaged case 
to recover completely and leave the hospital in good condition occurred 
in 1954. This child, a 7 year old Negro boy with generalized peritonitis 
secondary to a ruptured appendix, developed asystole just after the dressing 
was applied following appendectomy. The left chest was immediately 
opened by the surgical resident and the heartbeat was restored by massage. 
Twenty-six days later the patient was discharged from the hospital in 
good condition. Since then, recovery has become almost commonplace, 
the author having personally resuscitated or assisted with the resuscita- 
tion of 10 children subsequently discharged from Children’s Hospital with 
no visible aftermath other than a healed chest incision. 


Incidence 


In analyzing the experience at this hospital (see figure 1), it is at once 
apparent that cardiac arrest has become more frequent in recent years. 
The same thing is true in most other hospitals, but just why this should 
be is not entirely clear. Partly responsible is the fact that more surgery is 
being done. At this hospital, for example, there were less than 5,000 general 


* Associate in Thoracic and Cardiovascular Surgery, Children’s Hospital. 
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Fic. 1. Graph showing a tabulation of 26 cases of cardiac arrest occurring at 
Children’s Hospital (1951 through 1958). 


anesthetics administered annually prior to 1956, whereas in 1958, about 
7,300 were given. Also significant is the fact that the number of patients 
undergoing major cardiac surgery has likewise increased considerably. 

It is important to emphasize, however, that in some respects the in- 
crease in the number of cardiac arrests may be more apparent than real. 
Not too many years ago many sudden deaths occurring in the operating 
room, on the way back to the ward, and still later in the immediate post- 
operative period were apt to be erroneously ascribed to coronary occlusion, 
cerebrovascular accident or pulmonary embolism. Other cases of cardiac 
arrest were undoubtedly buried under the completely nonspecific, but once 
widely utilized inscription, “anesthetic death.”” Even so, such an explana- 
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tion hardly accounts for a five to ten-fold increase. Dinsmore! has noted 
(1953) that he was capable of recognizing a dead patient on the operating 
table and had seen more of them in recent years than in decades past. 
Other senior surgeons almost unanimously endorse this view. It would 
seem, therefore, that whatever the cause, whether due to the many new 
anesthetic agents, the depressant effect of modern ancillary drugs, the 
use of radical new techniques such as hypothermia, etc., there has been a 
very real and not just an apparent increase in the number of cardiac ar- 
rests. 

Actually the true incidence of cardiac arrest is probably still minimized 
as a result of inadequate hospital records. In 1953, for example, there 
were supposedly no deaths due to cardiac arrest at Children’s Hospital 
(see figure 1). However, only since 1952 has Acute Cardiac Arrest been 
designated by number in the Standard Nomenclature of Diseases and 
Operations published by the American Medical Association, and it was 
another several years before the text came into common usage at this 
hospital. On that account, in computing the exact incidence of cardiac 
arrest at Children’s Hospital, only those years of more reliable record 
keeping (1954-1958) are included. Over this period there were 29,645 
general anesthetics administered with 22 known cases of cardiac arrest, 
an incidence of one arrest per 1,347 general anesthetics. 

On the surface this would appear to be a rather formidable arrest rate, 
especially when one considers that the expected number of deaths from 
ether anesthesia has been traditionally estimated at about one in every 
16,000 anesthesias.? However, this figure was found to be in considerable 
error as soon as simple addition supplanted guesswork as the means of 
computation. Thus, in one careful study (1954), Beecher and Todd* found 
one cardiac arrest per 1,500 anesthetics, a figure now generally accepted as 
a reliable expected cardiac arrest rate. In perhaps the most exhaustive 
survey to date covering almost one million anesthetics at 39 large teaching 
centers, Stephenson‘ reached a figure of one cardiac arrest in every 2,125 
operations. At Massachusetts General Hospital,’ and St. Luke’s Hospital, 
New York City,® the incidence approximated one case in 1,200 anesthesias. 
According to Stephenson,‘ at the Los Angeles County Hospital from 1946 
to 1948, there was a ratio of one arrest per 608 anesthetics! At the opposite 
extreme, there are many papers citing an arrest rate somewhat less frequent 
than 1 in 2,000. 

Finally, in considering the number of cardiac arrests at this hospital, 
one must always keep in mind that we are dealing solely with the pediatric 
age group, for it is here that the anesthetic death rate is disproportionately 
high.* Of the first 1,200 cases on file with The Cardiac Arrest Registry, 
21 per cent occurred in the first decade of life.’ Precisely why the incidence 
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is higher in children than in adults is hard to say, although it seems logical 
to indict such factors as 1) more sensitive and labile reflexes in children, 2) 
the narrower and more easily obstructed airway of the infant, 3) a small 
reserve air space in small children and therefore a narrow margin of error 
in providing adequate ventilation, and 4) a comparatively small circulating 
blood volume in children, thus leading to desaturation with the slightest 
deficiency in respiration. At the Los Angeles Children’s Hospital there 
were 23 cases of cardiac arrest during a 20 year period (1932-1952) for 
an over-all incidence of one arrest in 2,504 operations,’ a figure slightly 
better than our own. However, 14 of their cases fell in the last five years 
of the survey, for an incidence of 1 in 1,128 operations, a record less satis- 
factory than ours. At Children’s Hospital, Melbourne, Australia, the 
number of cardiac arrests averaged one in every 1,500 anesthetics.‘ Pre- 
sumably then, our own figure of 1 in 1,347 general anesthetics represents 
an average rather than an excessive cardiac arrest rate. 


Review of Cases 


In the 26 cases in this series, one finds most of the surgical services 
represented (see figure 1). As might be anticipated, the largest number of 
cases occurred on the thoracic and cardiovascular service (table 1). Out 
of these 11 cases, there were 8 survivors (73 per cent). Seven of the 11 
operations were performed under hypothermia at temperatures ranging 
from 26° to 29°C. Six patients, all of whom had atrial septal defects, de- 
veloped ventricular fibrillation. All were successfully resuscitated and are 
now in perfect health with closed defects and normal hearts. 

One baby, a little girl slightly under 4 months old, was operated upon 
for tetralogy of Fallot. Because of marked cyanosis, general debility and 
increasing fainting spells, it was felt that an aortopulmonary shunt was 
urgently needed. During the induction of anesthesia there was cardiac 


TABLE 1 
Cardiac Arrests Divided According to Surgical Service 


Arrests 


Thoracic/Cardiovascular 11 
General Surgery 

Neurosurgery. . 

E. N. T. 

Ophthalmology. . 

is; Wi. 





Total..... pe 13 (50%) 
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cessation. She was reoperated three weeks following resuscitation and is 
now doing well two years after a highly successful Potts’ procedure. She 
is the youngest child successfully resuscitated in this series. The other 
survivor from the thoracic service was an 18 month old boy who was 
brought to the operating room with acute laryngeal obstruction and 
cyanosis secondary to severe laryngotracheobronchitis. Asystole occurred 
as emergency tracheotomy was being completed. A few massages quickly 
restored a normal heartbeat, and he was discharged from the hospital 10 
days later with no sequelae. 

The 3 fatal cases from the thoracic and cardiac service consisted of the 
following: 1) a 14 year old girl with severe primary pulmonary hyper- 
tension misdiagnosed in the early days of open heart surgery as severe 
pulmonary stenosis with persistent foramen ovale. Her primary disease 
explained both the arrest and our inability to revive the heart; 2) a 3 month 
old male infant with transposition of the great vessels who during a partial 
correction (Baffes procedure) of this grave anomaly under hypothermia 
developed persistent arrest requiring cardiac massage throughout the last 
30 minutes of the operation. Although normal sinus rhythm eventuated, 
he died on the ward soon afterwards; and 3) a 2 year old macrocephalic 
boy with repeated bouts of bronchopneumonia accompanied by frequent 
hyperpyrexia (105-106°F.) since birth. Under ether anesthesia, asystole 
developed immediately after introduction of 5 cc. of bronchographic 
medium. The heart was easily resuscitated in the x-ray department, and 
the child recovered completely, only to die three days later of broncho- 
pneumonia and hyperpyrexia. 

On the general surgical service there have been seven arrests and three 
survivors, one of whom subsequently died of his primary disease (Wilms’ 
tumor), and the second, the boy referred to earlier who survived operation 
for perforated appendix. The other survivor is a Negro boy who at age 4 
months was operated upon for an incarcerated inguinal hernia. About 10 
minutes postoperatively he vomited and developed cardiac standstill. He 
was discharged in good health on the tenth hospital day after prompt 
resuscitation by the surgical resident. 

Without meaning to appear overly critical, it would seem justified to 
remark that more of these patients should have been saved. Some, such as 
one patient with extensive retroperitoneal lymphosarcoma metastatic to 
practically all abdominal ‘viscera, were obviously unsalvageable, but it is 
irreconcilable to find one baby 2 months old who upon completion of 
bilateral inguinal herniorrhaphies suddenly and for no apparent reason 
died without any attempt at resuscitation having been made! The an- 
esthesiologist had announced an abrupt cessation of pulse and blood 
pressure, but the surgeon elected not to open the chest. Autopsy revealed 
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no abnormality other than the hernias, so there can be no question but 
that this represented cardiac arrest in a patient who was certainly sal- 
vageable. 

Among the other surgical specialties there were eight children with 
cardiac arrest, only two of whom had a favorable outcome (see table 1). 
These were both neurosurgical patients. The first occurred during the 
induction of anesthesia for excision of a lytic lesion of the skull. Cardiac 
massage was quickly instituted by the surgical resident. Recovery was 
uneventful. The other patient is perhaps the most remarkable one in this 
report. This little girl, 2 years old at the time of craniotomy, was being 
operated upon in the face-down position for a cystic astrocytoma of the 
left cerebellum. As the tumor was exposed, the heart stopped. Resuscita- 
tion required turning the patient over and, with the aid of the surgical 
resident, massaging the heart for 20 to 25 minutes. With the return of 
normal heart rate and rhythm, she was returned to the face-down position 
and craniotomy was resumed. Forty-five minutes later, soon after removal 
of the tumor, she again went into cardiac standstill. The same sequence of 
events was repeated, and normal heart action was re-established after 10 
minutes of massage. She was then turned to permit closure of the craniotomy 
and returned to her back for tube drainage and closure of the thoracotomy 
incision. After a total operating time of three hours, recovery was complete 
and uncomplicated. 

All of these cases occurred in the operating room with the exception of 
one mentioned earlier which took place in the x-ray department incidental 
to bronchography. Six cases arose during the induction of anesthesia, 14 
during anesthesia and 6 at or after closure of the incision (table 2). This 
last figure is instructive in that one quarter of our cases occurred at a 
time when one is apt to be deluded into thinking all danger is past. 

Table 3 shows by whom these cases were massaged. It is interesting to 
note that of the salvaged cases (exclusive of the chest patients all of whom 
were resuscitated by the attending surgeon), the surgical residents ac- 
counted for 4 survivors whereas the attending surgeons could obtain only 
1 live patient. On the other hand, among the fatal cases, resuscitation was 
attempted by the attending surgeon in seven instances, by the resident 
twice, while on one occasion no attempt was made to save the patient. 
Moreover, the two failures by the residents reflect no discredit on them, 
for on both occasions they were called from outside the operating room to 
tend to the cardiac arrest, thus imposing a prohibitive time lapse from the 
outset. 

One can only conclude that the residents are less reluctant to open the 
chest once the anesthesiologist sounds the alarm. After all, the chief reason 
for failure in cardiac resuscitation is undue delay in getting to the heart 
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TABLE 2 


Time of Occurrence 


During Induction of Anesthesia 
During Procedure..... 
During or After Closure 


TABLE 3 
By Whom Resuscitated (Chest Cases Excluded) 


Salvaged Cases—5 


By Attending Surgeon. 
By Resident... 


Fatal Cases—10 


By Attending Surgeon. . 
By Resident 
Chest not Opened. ... 


and re-establishing cerebral blood flow by cardiac compression. The speed 
and dexterity with which the chest is opened is of far less primary im- 
portance than is the haste with which the surgeon makes the decision to 
open the chest. Judging by the results in this series, the residents made up 
their minds promptly and then proceeded without delay. If there is any- 
thing to be learned from all this, it is simply the fact that no special training 
is needed to save a heart in standstill. A few simple principles, a little 
courage and prompt decisive action are the ingredients for success. 


Causal Factors 


To ascribe a specific etiologic mechanism to every case of cardiac arrest 
is impossible. Nevertheless, a candid recounting of the details of the case 
among the anesthesiologist and the surgical team will usually provide 
some sort of clue as to why the heart stopped beating. In one recent case, 
for example, after twice resuscitating the heart, the surgical resident was 
still unaware that the left lung was not inflating, a fact immediately 
obvious to the thoracic surgeon called in to assist with chest closure. 
The explanation was quite simple. In the course of operation the endo- 
tracheal tube had inadvertently advanced into the right stem bronchus 
where it permitted ventilation solely of the right lung with resultant return 
of a large quantity of unoxygenated blood from the nonfunctioning left 
lung. After the tube was repositioned, the child’s condition improved 
and she made a good recovery. Knowing this, one can justifiably cite 
hypoxia as the cause of the arrest. At the same time, this case does il- 
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lustrate how evidence can be overlooked. There was also no notation of 
these details on the chart, so that had the author not been the chest surgeon 
involved, this case would have to be classified as cardiac arrest without 
any demonstrable cause. 

Obviously then, if one must rely solely on the hospital chart for an 
answer, a precise explanation is sometimes unobtainable. Those events 
immediately preceding an abrupt episode of cardiac standstill are apt to be 
missed amid the furor of the catastrophe itself and, even if noted at the 
time, are often omitted from the case records. This is perhaps the main 
reason why approximately 1 out of every 4 cases in this series failed to 
show any demonstrable contributory factor. 

Hypoxia—As indicated in table 4, of all factors listed, hypoxia is the 
one we were most frequently able to indict. In nine instances there were 
clear-cut airway problems preceding asystole. Two cases occurred close 
upon a technically difficult intubation. Another patient with faulty posi- 
tioning of the endotracheal tube has already been alluded to. Still another 
child vomited immediately after repair of an incarcerated inguinal hernia, 
aspirated vomitus, became hypoxic and went quickly into cardiac stand- 
still as direct laryngoscopy and tracheal suctioning were being done. The 
heart was easily resuscitated, and recovery was eventually complete 
despite a stormy postoperative course. Worth emphasizing here is the 
fact that the vomitus need not contain undigested food in order to cause 
trouble; aspiration of clear gastric juice sometimes is enough to cause 
severe laryngospasm and marked hypoxia. 

For no apparent reason one patient developed intermittent laryngospasm 
throughout an appendectomy. Cardiac arrest finally eventuated as the 
dressing was being applied, but here again quick action obtained a live 
patient. Bronchospasm and cyanosis were described in one patient prior 
to the development of marked bradycardia and subsequent arrest. Laryn- 
geal obstruction secondary to severe laryngotracheobronchitis, and bron- 
chial obstruction, on one occasion with bronchographic material and on 
another by an aspirated foreign body (lead sinker), constituted additional 
cases in which a partially obstructed airway was an initiating factor in the 
arrest. It would be unfair not to admit, however, that in many of the cases 


TABLE 4 


Contributory Factors 


Hypoxia. . 
Hypothermia—C 
Intrinsic Heart Disease erate aha pkine ety 
General Debility (Advanced Malignant Disease). 
Unknown 
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cited above a vagal stimulating factor is likewise discernible and could 
conceivably represent the major cause of the arrest. 

Nevertheless, our own experience would parallel a feeling shared by 
most anesthesiologists that hypoxia is the most important single factor in 
the etiology of cardiac arrest. Although a number of eminent surgeons 
concur in this impression,’: ” there is considerable argument and no small 
amount of experimental evidence against this view. 

Vagal Stimuli—For years Reid and co-workers'!: * have been champion- 
ing the role of the vagus nerve and so-called vago-vagal reflexes in the 
production of cardiac arrhythmias, ventricular fibrillation and standstill. 
Indeed, the list of vagal stimulating factors which they cite is quite im- 
pressive, with tracheal irritation (as in endotracheal intubation or extuba- 
tion, instrumentation, suctioning, etc.) and traction on vagal fibers (as 
in hilar dissection, division of a patent ductus, etc.) probably representing 
outstanding examples. Turk and Glenn" endorse this view, feeling that 
many unexplained instances of cardiac arrest are secondary to vagal re- 
flexes. In their series of 42 cases there were 4 in which marked bradycardia 
and subsequent cardiac arrest coincided with traction on the vagus nerve 
during a Blalock procedure. 

Even so, largely as a result of the work of Sloan, at Michigan,“ and 
Young et al., at Duke," '* there seems to be ample proof that no amount 
of vagal stimulation can by itself produce cardiac standstill. A transient 
bradycardia ensues, it is true, but the heart soon escapes from such reflex 
inhibition. Sloan concluded that severe hypoxia will lead to bradycardia 
and that vagal stimulation under these conditions can produce further 
cardiac inhibition terminating in arrest. He pointed out, however, that 
this phenomenon occurred only with extreme degrees of oxygen deficiency. 
After elaborate study, Young et al.'®:'® were inclined to discredit the 
importance of hypoxia on the grounds that it neither augmented the 
degree of bradycardia nor delayed “vagal escape.’’ Conversely, they were 
able to demonstrate that carbon dioxide retention (hypercapnia) did 
reinforce vagal bradycardia and delay vagal escape, and was capable of 
inducing asystole. 

Hypercapnia—In light of the above evidence there is little doubt, there- 
fore, that respiratory acidosis from an excessive accumulation of carbon 
dioxide in the blood (hypercapnia) is responsible for some, and perhaps 
most, instances of cardiac arrest. Especially dangerous is the posthyper- 
capneic phase in which sudden blood pH changes follow termination of 
anesthesia and the rapid “washing out” of carbon dioxide with oxygen. 
Brown and Miller” produced ventricular fibrillation in dogs by having 
them breathe 30 to 40 per cent carbon dioxide in oxygen and then suddenly 
lowering the alveolar carbon dioxide tension by having them breathe air. 





68 CLINICAL PROCEEDINGS 


Our material in no way refutes this view. In fact, it seems logical to 
suggest that at least in those 6 cases occurring during the recovery phase 
of anesthesia (see table 2), unrecognized carbon dioxide retention followed 
by a sudden decrease in alveolar carbon dioxide tensicn with a rapid rise 
in blood pH probably accounted for cardiac cessation. Also, in those pa- 
tients with obvious hypoxia, the more subtle element of hypercapnia may 
well have existed concomitantly and represented the more important 
initiating factor. 

Hypothermia—Seven patients in this series developed cardiac arrest 
during hypothermia incidental to open heart surgery. Six of these patients 
had atrial septal defects. Each went into ventricular fibrillation following 
cardiotomy, but all were successfully defibrillated. The other patient has 
been described earlier, a 3 month old infant with transposition of the great 
vessels. It is well known, of course, that ventricular fibrillation and cardiac 
standstill arise not uncommonly during hypothermia, especially at tem- 
peratures under 85°F. Inasmuch as all but one of our hypothermic arrests 
took place at temperatures below that level, we now try to drop the tem- 
perature no lower than 85°F. 

Miscellaneous Causal Factors—Other contributory factors in this series 
included intrinsic cardiovascular disease in 2 patients (tetralogy of Fallot 
and primary pulmonary hypertension) and marked debility secondary 
to far advanced malignant disease in 2 additional patients. Finally there 
were 7 cases in which there was insufficient evidence to ascertain the cause. 

Analysis of Fatal Cases—Thirteen patients in this series died from the 
arrest or complications thereof (table 5). Massage was not even attempted 
in one case. In four other instances the heart was unresponsive and re- 
mained refractory to all measures utilized, presumably as a result of too 
long a time lapse before instituting massage. In this regard it is essential 
to emphasize that the patient without intrinsic heart disease can ordinarily 
be resuscitated very easily provided there has been no undue delay in 
re-establishing coronary and cerebral blood flow. Under these conditions 
it is really remarkable how simply the heart can be made to resume a 
normal beat. Most of the operative notes in this series contain the state- 
ment that a normal sinus rhythm with a good forceful beat was almost 


TABLE 5 


Analysis of 13 Fatal Cases 


Not Massaged pars 
Heart Unresponsive (Persistent Standstill) . 

Persistent Ventricular Fibrillation. . te Spies 

Death Due to Brain Damage (2 Hours to 24 Days Later) 
Postresuscitative Bronchopneumonia. 
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universally obtained with but one or two squeezes, or at most with a 
minute or two of vigorous massage. Merely grasping the heart seems 
sometimes to be all that is needed. 

Refractory ventricular fibrillation was encountered once. This seemed 
to be related to the inadvised early use of large doses of intracardiac 
adrenalin. On this very account it is probably best to avoid the use of any 
drug injections until a substantial try at manual resuscitation has been 
made. 

Six times cardiac resuscitation was “‘successful,”’ yet the patient died of 
brain damage secondary to cerebral anoxia. These patients never regained 
full consciousness and survived anywhere from 2 hours to 24 days post- 
operatively. Again the crucial factor is the time element. When the lapse 
between arrest and resuscitation exceeds four minutes, one may save the 
heart but not the patient. An additional child regained consciousness after 
an apparently successful resuscitation but died three days later of broncho- 
pneumonia. 


Technique of Cardiac Resuscitation 


Resuscitation of an arrested heart is a simple matter requiring only a 
rudimentary knowledge of technique, an awareness of the need for speed in 
re-establishing blood flow to the brain, and a willingness to proceed 
promptly toward this end as soon as the diagnosis is established. 

STEP I: Diagnosis—Delay in diagnosis probably accounts for most 
deaths from cardiac arrest. A demand for absolute proof, long ingrained in 
most physicians, probably accounts for most of the delay. When the 
anesthesiologist announces the disappearance of a patient’s pulse and 
blood pressure, there is inevitably the question, ‘‘Are you sure?”’ This is 
apt to be followed by an argument between several observers as to whether 
or not a pulse is barely perceptible, whether heart sounds are faintly 
audible, etc. Too late there is general agreement that the patient is indeed 
dead. ‘‘It must be remembered that in almost every case of cardiac arrest 
there is a period in which reversibility and resuscitation are possible. 
To allow this short period to pass in pursuing needless diagnostic pro- 
cedures, by the use of various ineffective stimulants and other pharmacologi- 
cal agents, by a frantic search for a stethoscope, or by an attempt to locate 
a consultant, is to add disaster to an already serious tragedy.’” It is clear, 
therefore, that every surgeon, or better still every physician, must be 
prepared to go ahead with a hasty thoracotomy upon fairly strong suspicion 
of arrest. Failure to feel a pulse or hear a heartbeat should be all that is 
necessary to establish strong presumptive proof. 

The big concern, the question so often raised in staff conferences on the 
subject, seems to be this: ““What if I find the heart beating when I get 
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into the chest?” Suffice it to say that if the signs of life, i.e., pulse, heart 
sounds and blood pressure, are so weak as to be imperceptible, then the 
circulation, if not stopped completely, is inadequate to support life. Prompt 
cardiac resuscitation is mandatory. Should the heart be found feebly 
beating, as it is in rare instances, it in no way negates the need for manual 
support of the circulation during restoration of a full effective heartbeat. 

One may choose to thump the chest with his fist or prick the heart with 
a needle jabbed through an appropriate intercostal space; such measures 
have on occasion restored normal sinus rhythm.'"*: Percutaneous drug 
injections should be avoided. If the blood is not moving, neither adrenalin 
nor any drug in the operating room will do any good. Moreover, the in- 
advertent injection of adrenalin into the myocardium itself may convert 
asystole to ventricular fibrillation, a much more difficult situation to 
cope with. 

Remember that the possibility of misdiagnosis is quickly ruled out by 
incising the skin: Lack of bleeding is best proof of cardiac arrest. 

STEP 2: Preparation—This should be mentioned only to say that it is 
most unwise and unnecessary. There is no time to be wasted in sterilizing 
the skin, applying sterile drapes, washing one’s hands or putting on gloves. 
If readily available, Merthiolate® may be poured on the chest and sterile 
gloves may be hurriedly donned, but ordinarily, attention to such in- 
significant details is apt to cost the patient’s life. To my knowledge, in 
no instance has a successful resuscitation been subsequently voided by a 
fatal infection. In fact, in this series there was no instance of wound in- 
fection or empyema despite a frequent disregard for sterile technique. 

STEP 8: Establish Airway—Inasmuch as an anesthesiologist is usually 
in attendance at the moment of cardiac arrest, oxygenation, which is as 
essential as cardiac massage to the recovery of the patient, should present 
no problem. The absence of an anesthetist or someone else sufficiently 
skilled in maintaining ventilation (or the lack of the necessary equipment) 
is one of the chief deterrents to cardiac resuscitation outside of the hospital. 
However, trained help and equipment are usually within minutes away, 
hence some temporary emergency measure may be indicated: Mouth-to- 
mouth breathing can be life-saving. Use of a tight fitting mask may permit 
satisfactory ventilation, but an endotracheal tube is the ideal method of 
providing positive pressure oxygenation. A pharyngeal airway works well 
and because of the simplicity of introduction it is preferred by some.” 
Once an airway is established, the patient should be ventilated with 100 
per cent oxygen, preferably at a rate greater than normal (hyperventila- 
tion). 

STEP 4: Left Thorocotomy—The physician should next quickly obtain 
a knife. A sealpel blade, razor blade or penknife are all quite satisfactory. 
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It is not necessary to count the interspaces, but merely pick an inter- 
costal space beneath the left nipple and incise the skin and muscle, following 
a course equivalent to the crease beneath the female breast. Next the 
intercostal muscle and pleura should be incised, avoiding undue haste lest 
the heart or a coronary artery be incised also. The bare hand is then intro- 
duced into the chest and the heart massaged. 

STEP 5: Cardiac Massage—This can be done either by gripping the 
heart in the hand and alternately squeezing and relaxing, or by intermit- 
tently compressing the heart against the sternum. In the case of a particu- 
larly large heart, two-handed compression may be advisable. In infants 
the introduction of an index finger alone usually permits satisfactory com- 
pression of the heart against the sternum. If the heart is beating feebly, 
massage should be synchronized as much as possible with systole rather 
than diastole. The rate of compression should approximate the normal 
heart rate. When the foregoing is done properly the anesthesiologist can 
usually feel a peripheral pulse and obtain a blood pressure. To insure 
total recovery the patient’s color must remain relatively pink; the same 
is true of the myocardium. 

The most reassuring point to the novice is the fact that perfect technique 
is seldom necessary, the intrinsically healthy (though momentarily hy- 
poxic) heart often resuming a vigorous sinus rhythm under the stimulus of 
but a few compressions. This point must be repeatedly re-emphasized lest 
anyone not attempt resuscitation simply through fear that he is incapable 
of properly massaging the heart. Once it becomes apparent that the heart is 
going to require some coaxing in the form of drug injection or electrical 
defibrillation, it is probably best to concentrate on an effective cardiac 
output until expert assistance is obtained, since the improper or excessive 
use of drugs, for example, can render a reversible situation hopeless. In 
such a situation care must be taken to avoid finger-tip pressure for this 
can result in inadvertent penetration of the myocardium which compounds 
the problem considerably. 

STEP 6: Ancillary Measures—Once oxygenation and cardiac compres- 
sion have been established, cerebral anoxia is eliminated and the danger of 
brain damage is past provided the period of arrested circulation did not 
exceed four minutes. Even though a spontaneous heartbeat may not im- 
mediately be restored, continued effective cardiac massage can keep the 
patient alive indefinitely. Gone is the tremendous urgency of the first few 
minutes. With the situation thus under control, one can safely interrupt 
massage for brief intervals in order to obtain better exposure and facilitate 
the massage. Insertion of a rib spreader is helpful although by no means 
essential, plenty of room usually being provided by division of one or more 
costal cartilages. This relieves rib pressure on the dorsal surface of the 
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surgeon’s metacarpals, which can be quite painful during extended massage. 
If more than a minute or so of massage becomes necessary, then it is wise 
to open the pericardium for easier and more effective massage. This also 
permits evaluation of the color of the myocardium, which must be kept 
pink, and will sometimes disclose the presence of an unsuspected ventricu- 
lar fibrillation. In opening the pericardium, the incision should be vertical 
so as to avoid division of the left phrenic nerve, and not so deep as to 
injure the myocardium or coronary arteries. In addition, one may elect to 
establish semi-sterile conditions. 

STEP 7: Useful Drugs—Much conflicting information is available 
on the value of various drugs in cardiac resuscitation. For the purpose of 
this presentation the fewer and less controversial facts the better. One 
point rarely alluded to in discussions of this does deserve emphasis: Oxygen 
is the one essential drug. By flushing the coronary arterial system of carbon 
dioxide and other metabolites and simultaneously providing the myo- 
‘ardium with a high saturation of oxygen, cardiac compression combined 
with vigorous hyperventilation will restore a normal sinus rhythm in most 
sases of asystole. Seldom appreciated is the fact that it will do the same 
in many instances of ventricular fibrillation. In 3 of the 7 cases of ventricu- 
lar fibrillation encountered in this series, there was spontaneous con- 
version to sinus rhythm with cardiac massage alone without resorting to 
electrical defibrillation. Simultaneous occlusion of the descending aorta 
will increase peripheral resistance and thus augment coronary blood flow. 
In fact, firm compression of the ascending aorta for necessarily brief in- 
tervals will divert the entire cardiac output through the coronary system 
and may be effective where other measures fail. 

Atropine, adrenalin, calcium chloride and procaine are the drugs gen- 
erally advocated in the treatment of ventricular standstill. Atropine is 
useful primarily in preventing asystole. Used preoperatively its ability to 
block vagal stimuli is well known, and it should be routinely utilized on 
this account. Likewise, during operation atropine is extremely helpful in 
abolishing the bradycardia which is so often the forerunner of ventricular 
standstill or fibrillation. 

Adrenalin is the best known and, under certain circumstances, the most 
effective cardiac stimulant for persistant asystole. Not appreciated, how- 
ever, is the fact that it is a potentially dangerous drug. Used prematurely 
it can make matters worse by initiating ventricular fibrillation. Moreover, 
since ventricular fibrillation so induced can be extremely difficult if not 
impossible to stop, intracardiac adrenalin should be used with considerable 
caution. Prior to its injection the heart must be vigorously massaged. This 
by itself may produce a heartbeat. If not, it will at least oxygenate the 
myocardium and thus set the stage for effective stimulation. Remember 
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that the anoxic heart is very apt to fibrillate when subjected to a cardiac 
stimulant. This is particularly true when an overly large dose of adrenalin 
is administered. No more than 1 to 2 ce. of 1:10,000 solution should be 
injected initially, although this may be increased subsequently if needed. 
Hasty recourse to any drug should be avoided, however, as witness one 
case in this series.in which the immediate injection of 1 ec. of adrenalin 
(1:1,000) seemingly induced irreversible ventricular fibrillation and _per- 
haps accounted for the patient’s death. 

Calcium chloride (10 per cent solution) has been quite helpful to us in 
improving cardiac tone and augmenting cardiac rate and output. Here 
too, its use should be preceded by vigorous massage. Again a small dose 
(2 to 3 ce.) is usually sufficient; larger doses can lead to ventricular fibrilla- 
tion. It is really quite dramatic to see a flabby, feebly beating heart become 
firm and resume a normal rate with strong contractions within seconds 
after injection of 2 cc. of calcium chloride into the left ventricle. 

Procaine has been recommended as a defibrillatory agent, a suggestion 
to which we take strong exception. In our hands its effects have been more 
harmful than beneficial and for the past five years we have avoided its 
use. Kay and co-workers” state the case quite adequately when they say: 
‘‘Proeaine or procaine-like substances should not be used unless the heart 
has excellent tone and unless the serial (electrical) method of carrying out 
defibrillation has failed after many attempts. It is doubtful whether pro- 
caine is of any assistance in carrying out electrical defibrillation of the 
heart, and the standstill that may result after successful electrical de- 
fibrillation is more difficult to treat if procaine is used.” 

STEP 8: Electrical Defibrillation—The most reliable means of inter- 
rupting ventricular fibrillation is by the application of one or more electric 
shocks. Just as in the utilization of drugs, attempts at electrical defibrilla- 
tion must be preceded by a substantial period of cardiac massage so that 
the myocardium is oxygenated and cardiac tone optimal at the time of 
shock. This can be augmented by cross-clamping the aorta. The two 
metal electrodes should be padded and moistened in order to avoid burning 
the myocardium. After applying them to either side of the heart a single 
shock of 110 volts for 0.1 or 0.2 second may be all that is necessary. More 
often than not a staccato of rapidly repeated shocks will be needed. When 
dealing with very large hearts, a higher voltage may be required. 

Successful electrical defibrillation may carry the heart directly into 
sinus rhythm (at first slow but soon returning to normal rate) or into 
ventricular standstill. In the presence of a sinus rhythm, one must be 
careful how much massage he superimposes lest fibrillation again eventuate. 
Certainly, once the rate exceeds 45 to 50 per minute and the beat is rea- 
sonably forceful, any unnecessary manipulation is unwise. In the event of 





74 CLINICAL PROCEEDINGS 


standstill, vigorous massage is essential after which calcium chloride (the 
author’s preference) or adrenalin injection may be necessary. 

When the fibrillatory contractions are of a fine, twitching character, 
their disruption is more difficult than when they are of a coarse, rolling 
type. For this reason, deep rapid massage should be carried out in an at- 
tempt to obtain a coarse type of fibrillation prior to electrical stimulation. 
The injection of calcium chloride (10 per cent) followed by vigorous massage 
may improve cardiac tone and thus facilitate subsequent defibrillation. 
Occasionally when the fibrillation seems hopelessly refractory to all these 
measures, the injection of 2 cc. of adrenalin (1:10,000) into the left ven- 
tricle will render a dilated unresponsive heart quite firm and amenable to 
defibrillation. Because of this it is impossible to say when one should give 
up trying to resuscitate an arrested heart. 

It ts well to remember that a perfect result has followed as much as two and a 
quarter hours of ventricular fibrillation," a reminder of what rewards may 
evolve from simple persistence when all seems lost. 

STEP 9: Chest Closure—Befove closing the chest hemostasis must be 
secured, a more or less pleasant task when one considers that these spurting 


Fic. 2. Two children discharged within one week of each other in December 1958 
following successful cardiac resuscitations. The little girl developed cardiac arrest 
twice in the course of removal of a cerebellar tumor. The boy went into asystole 
during emergency tracheotomy for severe tracheobronchitis. Both are perfectly 
healthy today. 
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vessels were dry when originally divided. The pericardium, if opened, 
should be brought together with only a stitch or two to preclude herniation 
of the heart and at the same time permit adequate drainage of pericardial 
fluid or pus. The pleural space should be drained inferiorly by a water- 
sealed apparatus. The ribs can be reapproximated with pericostal sutures 
and the remainder of the chest wall closed in layers. 

STEP 10: Postoperative Care—Except for the urgent need for anti- 
biotic coverage, this is no different from any post-thoracotomy case unless 
the period of arrest is in excess of four minutes. Under those circumstances, 
regardless of how satisfactorily the heart may be made to function, brain 
damage is likely to prove fatal or relegate the patient to an unconscious 
vegetative state. Recognizing the contributory role played by progressive 
cerebral swelling in the etiology of brain damage, Williams and Spencer” 
have successfully utilized hypothermia (30-34°C.) for periods up to 72 
hours following cardiac resuscitation with amazing results. Four patients 
with cardiac arrest occurring outside of the operating room were resus- 
citated, the period between arrest and massage ranging from four to six 
minutes. All patients showed signs of severe neurological injury, but 3 
recovered completely after prompt institution of hypothermia. The ability 
of the latter procedure to reduce cerebral swelling apparently accounts 
for its beneficial action. Since publication of this work (September 1958), 
there has been no occasion to apply it at this hospital. Yet in going over 
the results in this series, one can readily envision how its use might have 
altered the ultimate outcome in those 6 patients whose deaths were due 
primarily to residual brain damage. 

STEP 11: Reoperation—When cardiac arrest occurs during the induc- 
tion of anesthesia or at such a time as to preclude completion of the opera- 
tion after resuscitation, a decision must be reached regarding the re- 
scheduling of surgery. From a study by Howland and co-workers,” it 
would seem that in those patients in whom the arrest responded promptly 
to massage with little or no trauma to the myocardium, reoperation may 
be performed with reasonable assurance of safety in ten days to two weeks. 
Patients who required prolonged massage should be handled as though 
coronary occlusion had occurred, and reoperation should be delayed three 
months if feasible. 

The only child in this series undergoing subsequent operation was a 
4 month old white girl with tetralogy of Fallot. Cardiac arrest took place 
during the induction phase of anesthesia. Three weeks following resuscita- 
tion, a Potts aortopulmonary shunt was performed without incident. 


Summary and Conclusions 


The number of patients with cardiac arrest and successful resuscitation 
is becoming extremely large, and complete recovery should be not the 
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exception but the rule. The over-all salvage rate at this hospital is 50 per 
cent. In the past two years, however, of 14 cases of cardiac arrest there 
were 10 survivors, a salvage rate of 71 per cent. 

Scientific sessions on the prevention of cardiac arrest may be important, 
but of still greater importance is the necessity for every physician to be 
attuned to the idea of having to open a chest. Sooner or later a patient’s 
chance for survival will fall squarely into the hands of each of us. What 
we do or do not do will determine whether he lives or dies. 

With the cessation of the heartbeat the patient dies; he will remain 
dead unless there is prompt action on somebody’s part. The expertness and 
preciseness of the incision are of no consequence. No elaborate equipment 
is necessary. No special training is required. A few simple principles, a 
little courage and prompt decisive action are the only requisites for success. 

Acknowledgment: Drawing by Adele Spiegler. Photographed by B. Falb 
and G. Briggs. 


ADDENDUM 


Since submitting this manuscript for publication there has still been no 
opportunity at Children’s Hospital for applying hypothermia as a protec- 
tion against brain damage secondary to cardiac arrest. However, in support 
of its usefulness the author, at the Washington Hospital Center, has 
recently assisted in the care of a 9 year old girl who developed cardiac arrest 


in the course of a routine T and A. The hiatus between arrest and resuscita- 
tion was almost certainly in excess of five minutes by the most careful 
estimates of all those concerned with the case. On arrival in the Recovery 
Room the patient was unresponsive and showed signs of severe brain dam- 
age. Prompt institution of hypothermia and maintenance of the child at a 
temperature around 90°F. for the next 48 hours was probably responsible 
for her ultimately complete recovery. Subsequent postoperative course was 
uneventful and she remains well without any visible neurological or mental 
deficit. 
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Retinoblastoma 


MarsHAuLL M. Parks, M.D.* 
Lorenz E. ZimMERMAN, M.D.t 


Retinoblastoma is a congenital neoplasm of the retina. It tends to be of 
multicentric origin and its rate of growth is variable. The incidence of 
retinoblastoma is approximately 1 in 34,000 births. Given a figure of three 
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and one half million births per year in the United States, we can expect as 
many as 100 new cases of retinoblastoma each year in this country. 

The average age at which retinoblastoma is diagnosed is two years, 
most cases presenting sometime between the second month and the sixth 
year of life. The oldest patient diagnosed as having retinoblastoma was 
48 years old. In a series of 190 cases reported by Reese,' there was only 
one case in a child over 9 years of age. In another series of 429 cases, Win- 
tersteiner® reported only 16 cases over 9 years of age. 

The older literature reports 25 per cent bilaterality, but more recent 
reports indicate it to be nearer 33 per cent. Bilateral tumors are of multi- 
centric origin and are not due to extension from one retina to the other via 
ascension up the optic nerve to the optic chiasm and descension down the 
contralateral optic nerve to the opposite retina. 

Heredity plays a large role in this disease, yet sporadic cases account 
for the major part of the incidence. A sporadic retinoblastoma occurs in 
offspring of normal parents with no history of retinoblastoma in the family. 
Siblings of a sporadic case are not afflicted with the tumor. In 150 cases of 
sporadic retinoblastoma reported by Reese,! only one of 378 siblings had 
retinoblastoma. If, however, the child with sporadic retinoblastoma sur- 
vives and reaches adulthood, 9 out of 10 of his offspring will have bilateral 
retinoblastoma. Therefore, the disease tends to be transmitted dominantly 
by a retinoblastoma victim. 

Perhaps the most frequently observed early sign of a retinoblastoma 
is a white reflection altering the normal appearance of the black pupil. 
The normal pupil is black since the incident light transmitting it is ab- 
sorbed by the pigment layer of the retina, allowing no light to be reflected 
back through the pupil. The white reflection observed in the pupil of the 
eye harboring retinoblastoma is produced by light reflecting from the 
tumor mass. 

There are many conditions other than retinoblastoma which can cause a 
white pupil. Those which occur in infants and young children cause the 
greatest difficulties in differential diagnosis since this is the same age 
group that is affected by retinoblastoma. Conditions which should be 
included in the differential diagnosis in this young age group are congenital 
cataract, hyperplasia of the primary vitreous, retinal dysplasia, retrolental 
fibroplasia, and organizing inflammatory processes. Even when a white 
pupil develops in an older child beyond the age when retinoblastoma is 
commonly encountered the differential diagnosis is difficult. For example, 
a vitreous abscess caused by a nematode infection or a cyclitic membrane 
of undetermined etiology located behind the lens may cause confusion. 
It may be necessary to remove the sightless eye before the definitive 
diagnosis can be made. 

In addition to white pupil, another important early sign of retinoblastoma 
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is strabismus. The deviation is generally secondary to there being reduced 
visual acuity in the diseased eye. In some instances the tumor is so small 
as not to produce a white pupillary reflection, yet it involves the macula 
which disrupts the capacity for good vision (fig. 1). Therefore, strabismus 
always must be considered as possibly secondary to intraocular neoplasm 
regardless of whether the pupil is black or white. 

When the tumor is more advanced, one of the characteristic things we 
see is necrosis, and within the areas of necrosis islands of calcification occur 
(fig. 2); this calcification may give rise to the typical radiologic manifesta- 
tions of the tumor. With more advanced necrosis the necrotic tumor may 
elicit an extensive inflammatory reaction. 

The tumor may infiltrate the choroid (fig. 3); this is especially significant 
since the tumor has then grown into the more vascular portion of the eye 
from which it can spread to other parts of the body. The widespread 
metastasis frequently found is usually traceable to choroidal invasion. 

Another late finding is exudate in the anterior chamber; when this 
occurs it may complicate the diagnosis considerably. It should be re- 
membered that other conditions beside infection may cause the appearance 
of exudate in the anterior chamber. 


Fig. 1. A small retinoblastoma located in the macula produced convergent stra- 
bismus which was first noted when the child was 12 months old. The patient’s twin 
also had a retinoblastoma. H & E, X 4. AFIP Acc. 260992. 
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Exudate in the anterior chamber and tumors extending into the anterior 
chamber often cause a secondary glaucoma, and with this secondary 
glaucoma the cornea frequently becomes steamy. Secondary glaucoma is 
another finding that should arouse a suspicion of retinoblastoma in a child. 
Still another late sign may be hemorrhage into the anterior chamber. 
This arises from rupture of one of the capillaries in the network of capil- 
laries in front of the iris as a result of the secondary glaucoma. 

A still later sign is proptosis resulting from a tumor which has extended 
through the globe posteriorly; an orbital mass may then develop behind 
the globe and displace the globe forward (fig. 3). An extremely unusual 
complication of retinoblastoma is pthisis bulbi. At the Armed Forces In- 
stitute of Pathology, 8 cases out of a series of about 700 have demonstrated 
spontaneous healing as a result of complete necrosis and loss of viability 
of the tumor; the end result is a small shrunken globe that from a clinical 
standpoint cannot be distinguished from the pthisis bulbi following trauma 
or infection (fig. 3). 


Fic. 2. Retinoblastomas typically show extensive areas of necrosis. Foci of calcifi- 
cation (see large black area in left lower portion of picture) are often present within 
the necrotic areas. Viable tumor cells form a mantle about nutrient blood vessels 
(upper right portion). H & E, X 180. AFIP Acc. 39579. 
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Fig. 3. In this most unusual case of bilateral retinoblastoma, the tumor in the 
left eye has invaded the choroid and extended through the sclera to form a retrobulbar 
mass. The tumor in the right eye has undergone spontaneous necrosis and this has 
resulted in phthisis bulbi. AFIP Acc. 570989. 


The retinoblastoma is a tumor of early infancy and is generally believed 
to be a congenital tumor even though it may not be recognized until the 
child is 3 or 4 years of age. The tumor probably arises from areas of in- 
complete differentiation of the retina. From nests of completely undiffer- 
entiated retinal cells, the hypothetical retinoblasts, small early lesions 
arise; from these early lesions the tumor may grow either inward toward 
the vitreous or outward toward the outer coats of the retina. 

One of the characteristic pathologic features in many cases of retino- 
blastoma is the formation of rosettes (fig. 4). These neuroepithelial rosettes 
are seen much more frequently in this type of neuroblastic tumor than in 
others such as the medulloblastoma or the adrenal neuroblastoma. A large 
number of undifferentiated rosettes is rarely seen in extraocular types of 
neuroblastic tumor, whereas they occur in at least half of the retino- 
blastomas. Those tumors with many well differentiated rosettes tend to 
have a better prognosis. 

One of the important functions of the pathologist who examines an eye 
removed for retinoblastoma is to pay special attention to the optic nerve, 
since in about half of the autopsied cases, death is the result of direct 
extension into the brain by way of the optic nerve. It therefore becomes 
very important, first for the surgeon to remove as long a segment of optic 
nerve as he can, and then for the pathologist to examine the optic nerve 
carefully to be certain that the surgeon has removed all of the tumor. 
If it is not possible to remove completely, the tumor may invade the 
subarachnoid space; the circulating subarachnoid fluid may then carry 
tumor cells up onto the brain, and a tumor meningitis may result. In such 
a situation the meninges surrounding the brain stem are markedly thick- 
ened by the infiltrating tumor. About half the cases with fatal outcome are 
attributable to this sort of meningeal involvement. 
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Fig. 4. Two areas in this field reveal an exceptional number of well differentiated 
neuroepithelial rosettes, a feature usually indicative of a favorable prognosis. H & E, 
xX 50. AFIP Acc. 753671. 


The other half who die have evidence of widespread blood-borne me- 
tastasis with or without direct extension into the brain. The metastasis 
is generally the result of the tumor seeding onto the surface of the choroid 
and then extending into the choroid where it may enter the blood stream. 

The treatment of retinoblastoma depends on whether the tumor is uni- 
lateral or bilateral. If unilateral, the treatment is enucleation of the in- 
volved eye with emphasis being placed upon obtaining as long a segment 
of optic nerve attached to the globe as is possible. 

With bilateral disease, the tumor is usually more advanced in one eye 
than the other. Only the worst eye should be enucleated if the tumor in 
the better eye occupies no greater than one quarter of the retina, since 
radiation treatment of the smaller tumors carries a sufficiently good 
prognosis for cure of the disease and preservation of sight to justify the 
attempt to salvage a patient who retains useful vision. If more than one 
quarter of the retina of both eyes are involved, both should be excised 
because sufficient radiation to cure the larger tumors usually destroys 
sight in any event, and radiation is not as effective as surgery. Until 
recently the accepted dosage of radiation for the remaining eye whose 
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retina is less than 25 per cent involved by tumor was 16,000 r in air divided 
between two horizontally directed portals, one pointed at the temporal 
side and the other pointed nasally. Unfortunately, this dosage often pro- 
duced the cosmetic deformity of radiation skin burn and the late sequelae 
of vitreous hemorrhages or, rarely, radiation-induced sarcomas. One well 
documented report* of 122 children so treated and adequately followed up 
showed that 79 survived while 43 died of extension of the disease. Of the 
79 surviving (80 eyes), 19 had useful vision (20/20 to 10/200), 10 had 
limited vision (10/200 to hand movements) and 51 were blind. These poor 
results gave impetus to the search for more effective methods of treatment 
which were less destructive to vision. The first step was a trial of radiation 
dosage reduction. Twenty-two eyes received a dosage ranging from 9,600 
to 13,600 r in air, and after a four year follow-up, 11 had vision of 20/20 
to 10/200, 8 were enucleated because the disease was not controlled, and 
3 were blind from vitreous hemorrhages. The second step was to combine 
the systemic administration of nitrogen mustard, triethylene melamine 
(TEM), with still further reduced radiation dosage (4,800 r in air). At 
the time this routine of therapy was last reported, only two and one half 
years follow-up had elapsed for the most recently treated of 20 eyes, but 
despite this the results are gratifying since 14 appear to be cured and have 
vision between 20/20 and 20/200.‘ The study is continuing in order to 
determine optimal dosage and timing of the administration of these two 
agents was well as the route of administration of the TEM. 

In the event tumor tissue is identified in the cut end of the optic nerve 
at the time of enucleation or tumor regrowth occurs in the orbit after 
enucleation, the prognosis is grave. The treatment should include a com- 
bination of TEM and radiation directed into the diseased orbit. Exentera- 
tion of the orbit may also be considered for tumor regrowth. Distal me- 
tastases are essentially problems of nursing care, and irradiation of isolated 
lesions may be required in order to provide relief from pain. 


SUMMARY 


Retinoblastoma is a malignant tumor of the retina occurring in ap- 
proximately one in 34,000 persons. The retinoblastoma is usually apparent 
at birth or within the first four years of life. The neoplastic cells arise from 
either single or multicentric cell rests of incompletely differentiated retino- 
blasts; approximately 1 in 3 patients have the disease in both eyes. Most 
cases are sporadic without siblings being afflicted. However, retinoblastoma 
victims who survive tend to transmit the disease in a dominant pattern. 

A white reflection in the pupil (cat’s eye reflex) aud strabismus are the 
commonest early clinical signs of retinoblastoma. Enucleation is the safest 
therapy; however, in the interest of attempting to preserve vision in the 
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bilateral cases, the better eye may be treated by radiation if no more than 
25 per cent of the retina is involved. Death results from meningeal spread 
along the optic nerve to the brain and by blood-borne metastases. The 
prognosis for cure is good if no tumor cells are found in the cut end of the 
optic nerve at the time of enucleation. 
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The Physician and Pediatric Dentistry 


SPENCER N. FRANKL, D.D.S.* 
Ricuarp D. O’Leary, D.D.S.* 


It has been observed all too frequently that the physician will overlook 
the oral cavity in the physical examination of the child, or limit his con- 
sideration to carious teeth or the stomatitides. This tendency has as its 
basis the absence of dental pathology in the medical curriculum. The 
requirement of a normal, well functioning masticatory apparatus must be 
considered in the evaluation of the health picture of the patient; too often, 
the important diagnostic role of the oral tissues is not understood or con- 
sidered by the physician who is needlessly handicapping himself. 

Oral disease in the pediatric patient is of great significance because of 
its influence on nutrition. According to Burket!: 


Prior to tooth eruption, oral disease is usually exogenous in origin, as 
exemplified by gingivo-stomatitis or moniliasis. With the eruption of the 
teeth, however, the environmental conditions of the mouth approach that 
of the adult with respect to bacterial flora and salivary pH. Furthermore, 
the oral mucosa and gingiva, lacking a well keratinized protective covering, 
are very susceptible to bacterial and mechanical injury. Oral disease, in 
this period, is most often the result of endogenous factors, as seen in oral 
manifestations of scurvy and lack of normal oral hygiene. 


* Formerly Resident, Children’s Hospital 
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The pediatrician is often consulted by a child’s parents on dental prob- 
lems, since the average parent does not take his child to the dentist until 
he approaches school age. The pediatric dentist (pedodontist) prefers that 
the first dental visit be made when the child is between 2 and 3 years of 
age. This affords the pedodontist an opportunity not only to correct al- 
ready existing disease but to forestall recurrence; prevention is more eco- 
nomical than treatment. Furthermore, a young patient in no distress is 
one ideally suited for a satisfactory dental experience. The child is in- 
troduced to the dentist when no emergency procedures are required, and, 
as a result, will incur no traumatic experiences. The dentist will relegate 
the initial visit to introducing the child to the strange instruments and 
procedures that he will encounter, even doing a simple oral examination 
and prophylaxis to acquaint the child with the auditory, tactile, and visual 
sensations of dental manipulation. He will recall the child semi-annually 
to renew this relationship, and at the same time evaluate the child’s oral 
condition, placing emphasis on the eruptive patterns of the deciduous 
and permanent teeth, and eliminating any carious lesions in the incipient 
stage. The pedodontist will take note of any medical problem he may un- 
cover and bring it to the physician’s attention. 

In the preschool years, the pediatrician can expect to encounter numer- 
ous dental problems. Problems such as eruption times of teeth, “teething,” 
soft tissue lesions, the proper toothbrush technique, and instances of oral 
trauma will be presented to him. 

The eruption pattern of the deciduous teeth will vary in individual 
children, with the mean age of eruption of the first tooth at 744 months. 
Eruption, however, is related more closely to physiological than chrono- 
logical age. Hence discrepancies of a year or more are normal. Usually, 
the deciduous dentition is complete before 3 years of age. Often dental 
eruption is mentioned as a cause of fevers of undetermined origin frequently 
seen in children; however, it has been shown that eruption, while accelerated 
during fever states, is not the cause of these states. Teething frequently 
disturbs the child, causing pain, excessive crying, poor sleep habits, ex- 
cessive salivation, and rubbing of the gums.? The gingiva at the eruption 
sites will appear inflamed or even edematous, but surgical intervention is 
generally contraindicated except for the presence of exceptionally thick 
fibrous gingival tissue.* A clean teething ring often affords some relief to 
the child. Parents are also alarmed at the notched edges of the newly 
erupted teeth; these are anatomically normal and caused by the fusion of 
three tooth germs to form one tooth. They are gradually smoothed off 
by mastication. 

The entire deciduous dentition will be replaced by the permanent teeth 
unless the successors are congenitally missing, a rather rare occurrence. 
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It is important to know that the first permanent tooth to erupt is the 
“six-year molar,”’ appearing posterior to the second deciduous molar but 
not displacing a deciduous tooth. This is interpreted by many parents 
as just “‘another baby tooth” and subjected to the general neglect suffered 
by the deciduous dentition. This misconception bodes ill in that the first 
permanent molar is considered the keystone to occlusion in the dental 
arch, and its loss through caries causes irreparable damage including 
collapse of the arch as a result of movement of teeth. 

The advice of the pediatrician is often sought concerning toothbrushing. 
The dental profession feels that toothbrushing should commence when 
the teeth erupt and be performed every time the child eats, on arising, and 
at bedtime. The child may initiate his own oral care when he becomes 
proficient in the use of the toothbrush, although he should be under super- 
vision. Before then, the parent should maintain oral hygiene. A simple 
efficient method recommended is to brush down on the upper teeth and 
up on the lower teeth, holding the toothbrush horizontally. Horizontal 
scrubbing does not cleanse the interproximal areas, and does produce 
mechanical injury and gingival damage. 

Diet and oral hygiene go hand in hand. Carbohydrates, including refined 
sugars, are destructive to both deciduous and permanent teeth, especially 
in a caries-susceptible child. It has been clinically and histologically shown 
that the acidogenic condition created in the mouth by carbohydrates is 
injurious to tooth structure. A diet stressing roughage, including fruits 
and vegetables, is to be recommended. A lollipop presented to a child as a 
reward for good behavior is not desirable. 

“There is perhaps no greater single dental disturbance with a greater 
psychological impact on both the parents and child than the fracture or 
loss of an anterior tooth, especially if it is of the permanent dentition.’ 
All successful treatment of such cases depends on prompt institution of 
therapy. The dentist will attempt to preserve the vitality of such teeth 
when possible by proper pulp treatment or institute root canal therapy 
and reimplantation techniques. Stabilization of fractures of teeth or 
segments of the dental arch is the ultimate goal. 

Orthodontia, or controlled tooth movement, treats the problem of 
malocclusion in children and adults. There is no specific age for institution 
of such treatment; rather, the extent of eruption and both the degree and 
severity of the malocclusion determine when therapy should begin. In- 
variably, the primary cause of malocclusions in the permanent dentition 
is general neglect of the deciduous dentition. The premature loss of a 
primary molar will frequently result in the forward migration of the first 
permanent molar, thereby severely decreasing or completely closing the 
space allowed for the eruption of the bicuspids. Interproximal caries will 
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also decrease the arch length in the primary denture; therefore restoration 
of the involved members is essential in developing proper occlusal inter- 
digitation of the permanent teeth. Early detection and treatment following 
deciduous tooth loss precludes extensive orthodontic therapy later. 

Recognition and management of oral irregularities require knowledge 
and understanding of the over-all growth and development of the child. 
This is particularly true in the case of severe dentofacial disharmonies 
which will progress and intensify in succeeding years. These conditions 
include the extreme retrognathic and prognathic mandible, anterior open- 
bites due to pernicious oral habits and severe discrepancies in maxillary 
and mandibular arch size and contour. 

An important and essential diagnostic aid to the dentist is periodic 
radiographic examination of the oral cavity. Interproximal or “hidden 
caries,” periapical lesions, root resorption, peridontal disease, fractures, 
cysts, and neoplasms are among the pathological entities which can be 
observed in a full mouth roentgenologic study. 

Recently both justified and unjustified concern has been expressed by 
patients undergoing routine dental x-ray examination. As a result, the 
American Dental Association has cooperated with the American College 
of Radiology in formulating ‘“‘A Practical Manual in Medical and Dental 
Use of X-rays with Control of Radiation Hazards.’’® Thus the American 
Dental Association with the aid of the local dental society is informing 
its membership of its responsibility in decreasing undue and excessive 
radiation of the public. Through the use of higher kilovoltage, long-cone 
techniques (limitation of x-ray beam solely to area requiring investigation), 
insertion of lead diaphragms and aluminum filters, and ultrafast films, 
radiation exposure is being kept at safe levels without needless sacrifice 
of this indispensible diagnostic tool.® 


SUMMARY 


The inter-relationship of the oral cavity with the remainder of the body 
demands an enlightened, resourceful, yet thorough approach to the physi- 
cal examination of the child. The physician has been reminded of the 
caprices of dental eruption; of the necessity of an early examination of the 
child by the dentist; of the need to acquaint himself not only with the 
signs and symptoms of oral disease, but to know the normal growth and 
development of the dental tissues; and he is urged to familiarize himself 
with modern dentistry’s approach to the child. 
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The Editor’s Column 


THE NEPHROTIC SYNDROME—A CHALLENGE 


In recent years there has been greatly renewed interest in the nephrotic 
syndrome, stimulated largely by the remarkable results which have been 
obtained with the use of ACTH and adrenal cortical steroid therapy in 
the treatment of this syndrome. 

The nephrotic syndrome is a clinical entity characterized by massive 
proteinuria, lipiduria, hypoalbuminemia, edema, and_hyperlipemia;!~* 
the essential abnormalities which must be present before a disorder can be 
classified as the nephrotic syndrome are massive proteinuria and lipiduria. 
Urinary excretion of protein generally reaches a level of more than five 
grams per day. The lipiduria is evidenced by oval fat bodies which are 
observed when the urine is examined microscopically in reduced light; 
doubly refractile fat bodies in the shape of a maltese cross are often seen 
in urine examined microscopically under polarized light. Although some 
degree of hypoalbuminemia or hyperlipemia are usually seen in the 
nephrotic syndrome, one or both of these abnormalities may be absent, 
particularly if the disorder is in an early stage. Edema may also be absent 
in some patients with the nephrotic syndrome when they are first examined; 
such patients may not show edema for many months. In some cases edema 
is periorbital and is minimal in degree so that it may be overlooked. 

Patients with the nephrotic syndrome can be divided into two groups.!: ? 
The first group includes those cases with known etiologic associations, and 
the second those cases in which the etiology is unknown or uncertain. 
In the first group, the nephrotic syndrome has been shown to occur as 
a complication of diabetes mellitus, systemic lupus erythematosus, amy- 
loidosis, secondary syphilis, malaria, bilateral renal vein thrombosis, con- 
strictive pericarditis, drug sensitivity (gold, mercury, bismuth, Tridione®, 





CHILDREN’S HOSPITAL 89 
Paradione®), poison oak dermatitis and bee stings.':? The nephrotic syn- 
drome may also occur during the course of hemorrhagic glomerulonephritis. 
A diagnosis of idiopathic nephrotic syndrome is made in those cases in 
which the etiology is unknown. 

It has long been recognized that the nephrotic syndrome may appear 
during the course of subacute, latent or chronic glomerulonephritis. Re- 
cently attention has heen directed by Wilson and Heymann! to the oc- 
currence of a nephrotic syndrome of a transitory nature in the course of 
acute glomerulonephritis. This form of the nephrotic syndrome associated 
with acute glomerulonephritis often shows evidence of complete clearing 
within one to two weeks of onset. 

The principal mechanism which is responsible for the massive proteinuria 
observed in the nephrotic syndrome is the development of increased 
permeability of the glomerular basement membrane;!: *:7 this allows the 
plasma proteins to leak through the glomeruli. The protein which passes 
through the glomeruli consists chiefly of albumin, although all of the 
plasma proteins except fibrinogen are represented. 

Within the past few years use of the electron microscope has made it 
possible to demonstrate differentiating histologic abnormalities between 
the idiopathic nephrotic syndrome, and glomerulonephritis, disseminated 
lupus erythematosus and other diseases.? Kidney biopsy material studied 
under the electron microscope demonstrates that the normal glomerular 
capillary has three principal components; these include endothelial cells, 
basement membrane and epithelial cells. The cytoplasm of each epithelial 
cell branches into a number of primary processes which then form numerous 
secondary “foot processes;’’ these foot processes insert on the outer aspect 
of the basement membrane. In the idiopathic form of the nephrotic syn- 
drome there is a loss of these foot processes with smudging of epithelial 
cytoplasm along the basement membrane. This abnormality appears to be 
specific for the idiopathic form of the nephrotic syndrome; it is not observed 
in cases of glomerulonephritis or disseminated lupus erythematosus. In 
patients who have received adequate courses of adrenal cortical steroids 
which resulted in a clinical and laboratory remission, it has been demon- 
strated that the characteristic abnormalities are reversible; in such in- 
dividuals, electron microscopy often demonstrates a normal histologic 
appearance to the glomeruli. 

The use of ACTH and adrenal cortical steroid therapy in the treatment 
of the nephrotic syndrome instituted a new era in the management of this 
disorder. Steroid therapy has been very successful in removing all the 
abnormal clinical and laboratory manifestations of the idiopathic form.’: § 
It has also been of considerable value in clearing the nephrotic syndrome 
which develops in a number of cases of subacute glomerulonephritis. 





90 CLINICAL PROCEEDINGS 


Steroid therapy usually causes the disappearance of proteinuria and 
edema; it also restores the protein and cholesterol levels of the blood to 
normal. 

From evidence obtained in recent years it seems clear that the steroids 
may also arrest the course of the nephrotic syndrome.”: *"' Whether long 
term follow-up of patients treated with steroids will show that they have 
been completely cured is uncertain; this may prove to be the case. However, 
it is evident that patients with the nephrotic syndrome who receive steroid 
therapy are now living longer and enjoying a better state of health than 
those unfortunate individuals who have had this disorder in the past.?" 

In a recent four years follow-up study of patients with clinical evidence 
of the nephrotic syndrome Riley and Scaglione" demonstrated that there 
was a considerable difference in survival of patients treated with steroids 
in comparison to patients who did not receive steroids. In this study it 
was shown that those patients treated with steroids showed 76.9 per cent 
survival compared to 61.3 per cent for patients not treated with steroids, 
a difference which is highly statistically significant. Additional analysis 
of the records of these patients revealed that there was a much larger 
number of patients with complete remission in the treated group than in 
the untreated group. Both increased survival rate and the prolonged 
freedom from active disease were believed to be primarily due to the use 
of steroid therapy. 

Most workers studying the nephrotic syndrome stress the early use 
of steroid therapy in both the idiopathic form and in the nephrotic syn- 
drome associated with subacute glomerulonephritis.*: 4:7: *: " It is empha- 
sized that steroids should be used even when edema is absent or 
minimal;*: 7» ”- 8 the diagnosis of nephrotic syndrome in such cases should 
be made on the basis of massive proteinuria and lipiduria. The ideal ob- 
jective of therapy is to eliminate proteinuria permanently by reversing 
the abnormalities in the glomeruli.”-!* Postponing steroid therapy until 
massive edema has occurred allows the patient’s nephrotic syndrome to 
progress to a more advanced stage, greatly increases the difficulty of 
management and prolongs the period of treatment. In addition such a 
delay in therapy might well allow some of the pathologic processes in the 
glomeruli to become irreversible. 

In view of the fact that a transitory nephrotic syndrome with an excellent 
prognosis may occasionally occur in the course of acute glomerulonephritis, 
it is probably wise to wait two to four weeks after this particular nephrotic 
syndrome is recognized before beginning therapy. This would also allow 
sufficient time to determine whether there is any tendency for the disease 
to enter a state of spontaneous remission. Decrease in the 24 hour urine 
excretion of protein and improvement in the blood chemical findings are 
indications to wait longer before instituting steroid therapy. 
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Students of the nephrotic syndrome now consider that there is little 
difference between the results obtained with ACTH or with oral steroid 
preparations provided that adequate dosage of each is used.’: “ For this 
reason ACTH, which is administered by injection, is being used more 
infrequently at the present time. 

Steroid dosage recommended by different workers varies considerably.*: 7: 
5, 11, 18-20 A general guide to dosage based on the recommendation of Mc- 
Crory and Macaulay’ is as follows: ACTH 1 to 2 mg./lb./day; cortisone 
4 to 5 mg./lb./day; prednisone 1 mg./lb./day. Clinical experience has 
shown that this guide is of value; it, however, often requires modification 
for very small and very large children. 

The following is a dosage plan consistent with those currently in wide use: 


Under 35 1b. | 35-60 1b. | 60-80 Ib._| 80 Ib. and over 


ms ia ten mg./day 
Cortisone 150 200 300 400 
Prednisone 40 60 80 


mg./day mg./day 


100 to 200 mg./day 





The total daily dose of these oral steroids is usually divided into 4 equal 
doses given over 24 hours. It should be emphasized that these doses are 
those which are usually effective, and some workers recommend that 
larger doses be used from the beginning of therapy, particularly in smaller 
children.’: ®: '* Other workers recommend using larger doses when initial 
therapy is ineffective."! 

A suitable plan of management of the child with the nephrotic syndrome 
might be as follows: After the diagnosis is made, treatment should be 
started provided that at least two to four weeks have elapsed since the 
first indication of the disease. Initially, an oral steroid preparation is given 
for a period of two to four weeks. At the end of this time all laboratory 
abnormalities and clinical signs should have cleared. Following a four day 
rest period one prescribes a daily maintenance dose of steroids which is 
given on three successive days out of each week;’: ' this treatment schedule 
should be maintained for a minimum of one year. In those instances in 
which the initial course of intensive steroid therapy does not result in 
adequate diuresis and complete clearing of all clinical and laboratory 
abnormalities, additional courses of steroid therapy should be tried."': : 1° 

It is generally advised that the patient receiving steroid therapy be given 
a daily diet containing reduced sodium as well as supplementary potassium. 
Many workers recommend that sulfonamides or antibiotics be given when 
steroid therapy is used, since the development of infections may become a 
serious problem in steroid-treated patients.’:*: "+. 2° Others believe 
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that antibiotics should not be given routinely;'®: *! they recommend the 
intensive use of antibiotics only if infections develop. 

The use of steroid therapy requires constant vigilance on the part of 
the therapist. Severe reactions may occur at any time. The most frequent 
severe reactions observed in children under treatment for the nephrotic 
syndrome are electrolyte disturbances and hypertension.®: "' In such chil- 
dren, some of the features of Cushing’s syndrome often develop. All of the 
other serious reactions which have been described as complications of 
steroid therapy may occur in children,” but they are very uncommon. 
Osteoporosis with collapse of vertebrae and peptic ulcer also have been 
observed in young children treated for the nephrotic syndrome." 

All physicians who treat children should be on the alert to make an early 
diagnosis of the nephrotic syndrome. The best results from steroid therapy 
of the nephrotic disorders have been obtained in the treatment of the 
idiopathic form.*: * The idiopathic form of the nephrotic syndrome is seen 
most commonly in children under five years of age,?:* and it is precisely 
in this age group that examination of the urine is most frequently neglected. 
Urine examinations should be performed routinely at periodic intervals in 
children of all ages; it is essential that these examinations not be overlooked 
in young children. Frequent urinalyses will provide a valuable base line 
from which to date the onset of renal disease, and will facilitate the early 
diagnosis of all forms of kidney diseases. 

In addition to performing periodic urine examinations routinely, the 
physician should keep in mind the possibility of kidney disease whenever 
there are suggestive signs or symptoms. For example, the presence of peri- 
orbital edema should be an automatic signal for urinalysis. It is not a rare 
occurrence, however, for a child who exhibits this abnormality to be thought 
to have allergic edema for a long period of time before the possibility of the 
nephrotic syndrome is considered. 

The early detection of the nephrotic syndrome should be the aim of 
every pediatrician and every general practitioner caring for children. This 
will permit early institution of treatment and allow the greatest possibility 
for obtaining a successful therapeutic result. 

S. L. B. 
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Book Review 


Surgery of the Foot. By Henry L. DuVrigs, M.D., 494 pp. with 403 illus- 
trations. St. Louis: The C. V. Mosby Co., 1959, $12.50. 
This textbook on “Surgery of the Foot”’ is well illustrated by its numerous 


photographs, roentgenograms and line drawings of the surgical approach 
to the more common foot disabilities. As the author states in the preface, 
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the more extreme disabilities of the foot, such as the talipes equino varus, 
etc., are purposely omitted from any detailed discussion, as these are ade- 
quately covered in various standard orthopedic texts on operative proce- 
dures. The introductory section on structure and function of the foot 
better enables the reader to appreciate the surgical approach to foot condi- 
tions. Many of the operations described are office procedures. The bibliog- 
raphy of each chapter will serve as a ready reference to all physicians who 
are confronted with foot problems. 

The chapter on ulcers, with emphasis on the diabetic foot, brings out 
the importaneg of the proper care of the foot. The diagnosis and treatment 
of diseiises aifd, deformities of the toenails is well executed. 

The book’ covers the wide variety of foot conditions that would enable 
the physician to properly diagnose and, if properly qualified, treat the 
many céhditions described. The various operative procedures for any one 

_condition;are well described. The book is recommended to be included in 
the reference library of all physicians and surgeons who are confronted 
with foot. problems. The recognition of the various foot problems in itself 
wOuld - justify the ready availability of this well prepared textbook on 
Surgery of'the foot. 

. Wituiam J. Tosrn, M.D. 








